TANDEM SOLAR: CELL AND METHOD OF FABRI CATI NG THE SAME BACKGROUND 5Techni cal

* Field The present disclosure relates to the field of solar cell.

More particularly, the present disclosure relates to a tandem sol ar cell
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nor e attentlon Hi storically, the solar cell is normally divided into three
phases: "the first generation" is a solar cell taking silicon, chip as a
substrate, which has been a mature te es but with the hlgh cost in
silicon-chip growh; the 15 "seE&QK§ lon" is a thin-filmsolar cell

with | ower production cost devel oped in the past decade, wherein nmultiple
solar cell nodules are allowed in a single solar cell substrate. . As the
next generation of the prom sing technology, a tandem solar cell is
beconi g dreshoicahfiplsr research tops. The structure of a traditional tandem
solar cell is shown in Fig. 1. The 20 solar cell includes a substrate 1, a
t ranspar ent coftheqresentaiscthsute Eltes &y the field of seldr cell. t IMoreydzsticukdnly, 1, a top
p-i-n structure 3 fornmed on the transparent conductive oxide |layer 2, .a

bot t om p- ithe psdsent tistlesdref retaresitooa tardent sglapedl andsh method of Bbriaatthga back
netal layer 5 fornmed on the bottomp-i-n structure 4. The top p-i-n
struct ur e tBe safleudes a P-type anorphous silicon layer 31, an |-type

25anor phous silicon’'layer (i.e., an intrinsic anorphous silicon |ayer) 32
and an 1

10  Description of Related Art
As a source of a renewable clean energy, solar cell is getting more and
more attention. Historically, the sblar cell is normally divided into three phases:
“the first generation” is a solar cell taking silicon chip as a substrate, which has
been ‘a mature techniques but with the high cost in silicon-chip growth; the
15 “second generation” is a thin-film solar cell with lower production cost developed
in the past decade, wherein multiple solar cell modules are allowed in a single
solar cell substrate. . As the next generation of the promising technology, a
tandem solar cell is becoming one of major research tops.
The structure of a traditional tandem solar cell is shown in Fig. 1. The
20  solar cell includes a substrate 1, a transparent conductive oxide (TCO) layer 2
formed on the substrate 1, a tdp p-i-n structure 3 formed on the transparent
conductive oxide layer 2, a bottom p-i-n structure 4 formed on the top p-i-n
structure 3, and a back metal layer 5 formed on the bottom b-i-n structure 4.
The top p-i-n structure 3 includes a P-type amorphous silicon layer 31, an I-type

25 amorphous silicon layer (i.e., an intrinsic amorphous silicon Iayer) 32 and an
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N-type anorphous silicon layer 33 which are stacked in sequence, wherein -
+the P-type anorphous silicon layer 31 is formed on the transparent

" conductive oxide layer. The bottomp-i-n structure 4 includes a P-type

mcrocrystall'ine silicon layer 41, an |I-type mcrocrystalline silicon |ayer

(i.e., anintrinsic 5 rnicrocrystalline silicon |ayer) 42 and an N-type

mi cr ocr ystMityrenamernhioys silicay dayer 33, which ase stackad i gequenseqWstan theher ei n

the P-type mcrocrystalline silicon layer 41 is formed on the N-type

anor phous Riypecemorghoaus SlicorsSiaer @it is foraiesiopb etbie biyansparentt gansluglive phous

silicon layer 32 of the top p-i-n structure 3 and the I-type

m crocr ystadide reyes.i | The bottayep-i-h2stodcturiec4 Gocltdes @- P-typs tiomicoyséaline o

generate 10 an electron-hole pair. An electric field generated between the

P-type | aysiifcont hegelP- 41, panatypehmisroshistaline Isilicen yet hg.eR- hiy pimtrinsic

m crocrystalline silicon layer) and the N-type |ayer (the N-type anorphous

silicor | ayRFo@ysthlife BHiLYP Ry C4DaRY Bhallltype midrbérgstallinaysiiconaapét 45 an

el ectron to nove towards the type layer and enables a hole to flow

towar ds t RgniBh bydStabR¥EI setRiefiée,WhdrBintha FLB peUhicRItrystalisk sldsn layght ener gy
is converted into electric energy. Since the band gap of the anorphous

silicon |44 r@%e&%mhbh@;tﬁgéggma%o% éimnn*ayﬁ@éf%s%@mg%bﬁééﬁm1 the

m crocrystalline silicon is e to absorb |1 g . w der than
t hat absor e t Ll icon. I |.a it '
struct ur o, L0 IHRE e BFBLE Mo Ty s of e o BB sbEblnd's hd He',
absorbed hy, the .20 |- e anornphous,.sid.icon.layer 3 and nli which is
not absor a'etéjp%ip'?rﬂgwﬁ%%ﬁ-ﬁ?llcﬁngﬂ%fc ?féh§ PH«%’E‘}P'&'HS%BSHP{%@?L;SF’U%%@‘? ructure
4 and i s absorbed the |I-type mcrocrystalline siljc | ayer 42.
The. phist odbBERTe LIRS | A BeeiNe fEfCgAesaar abugsn e P ek Breiie
evaluating_ a solar cell. Nowadays, with the shortage in_energy resources,
25expl or i nigt¥pesnarPhors siligen Haar g the Sttypedeicrocrytaiine sticem laver) @itncy
becomes nore and nore inportant. The photoel ectric conversion efficiency
of the solthe Afvpei dayafe ( Mdynevamataheusr siliesr ilawsy oventht NdyPesti| |
insufficient. Therefore, there is still a need to provide a solar cell with
hi gher phonisedarystaliine siicor layash eedlles iapnegctron to- move towards the N-type
layer and enables a hole to flow towards the P-type layer, so as to form a
15 current, and thus light energy is converted into electric energy. Since the band
gap of the amorphous silicon is larger than the band gap of the microcrystalline
silicon, the microcrystalline silicon is able to absorb light in a wave band wider
than that absorbable by the amorphous silicon. In a solar cell with this
structure, sunlight first irradiates the top p-i-n structure 3 and is absorbed by the
20 I-type amorphous silicon layer 32, and sunlight which is not absorbed by the top
p-i-n structure 3 reach the bottom p-i-n structure 4 and is absorbed by the I-type
microcrystalline silicon layer 42.
The ‘photoelectric conversion efficiency is an essential factor of

evaluating a solar cell. Nowadays, with the shortage in energy resources,

25 exploring a solar cell with high photoelectric conversion efficiency becomes



-5 SUMVARY The present disclosure provides a tandem sol-ar cell with
+ hi ghe phot oel ectric conversion efficiency and a producti on nethod t hereof.

" 10" I'n order to realize the above aspect, the tandem solar cell provided by

the present disclosure includes: a substrate; a transparent conductive

oxi de | ay 0 : bs ; = 1ol [ n the

b anspar oo ReRE ehaenl HEpRoicRiecR Srivefhidh BHEICE of HIEAED, |1C
wherein the, first p-i-n structure i.ncludes P- t vpe r pho sidicon
aver . an Gl B ol gRE et or e ieroYeat b SRS RFRIFRL ahfermiste
silicon | gyer which are stacked in sequence, .anpd the P-type anorphous

Si i con | dyeie iSStllh Aeshlo Ppvidrea Solar 5K highRpRetPGlecklE VIR : a
bottom p-i-n structure formed on the top p-i-n structure, wherein the

bot t om p- i€ffiCi@Auct ure includes a P-type microcrystalline silicon | ayer, an
| -type mcrocrystalline silicon |layer and an N-type mcrocrystalline 20
silicord | ayer which are stacked in sequence, and the P-type

m crocrystalline silicon layer is adjacent to the top p-i-n structure; a
stress inducing |ayer forned on the bottomp-i-n structure, wherein the
stress inducing layer induces tensile stress in the bottomp-i-n structure;
and a back netal |ayer disposed onSUMMARY¥ess i nduci ng | ayer. As an
enbodi ment, the stress inducing |ayer is nmade of tungsten, silicon nitride,

silicon oxide, THel ipresernxyiicigsutie provideé8gs etandérmr isdiar cell withAhign
enbodi nment, the stress inducing |ayer has a thickness of 10 nm 500 nm 5As

an enmbodi tdteclécthit td®ersial @Fffidiehdy@indesplodusisnimeldd thergdf.i - n structure and
the bottom p-i-n structure.
10 in order to realize the above aspect, the tandem solar cell provided by
.the present disclosure includes: a substrate; a transparentlconductive oxide
layer formed on the substrate; a top p-i-n structure formed on the transparent
éonductive oxide layer and including a first p-i-n stfucture, wherein the first p-i-n
structure includés a _P-type amorphous silicon layer, an |-type amorphous silicon
15 layer and an N-type amorphous silicon layer which are stacked in sequence,
and the P-type amorphous silicon _Iayer is adjacent to the transparent
conductive oxide layer; a bottom p-i-n structure formed on the top p-i-n structure,
wherein the bottom p-i-n structure includes a P-type microcrystalline silicon
layer, an I-type microcrystalline silicon layer and an N-type microcrystalline
20 silicon layer which are stacked in sequence, and the P-type microcrystalline
silicon layer is adjacent to the top p-i-n structure; a stress inducing layer formed
on the bottom p-i-n structure, wherein the stress inducing layer induces tenéile

stress in the bottom p-i-n structure; and a back metal layer disposed on the

stress inducing layer.



As an enbodi nent, the buffer layer is nade of porous silicon containing

» P-t ype dopant or N-type dopant. As an enbodi nent, the aperture
" diameter of the porous silicon is smaller 10than 1 pm As an
enbodi ment, the top p-i-n structure further includes a second p-i-n

structure with an I-type |ayer disposed on the firs -i-n strugture,
wherein the baf FETEPdiME) theysyess avr sirease PLiyeBsien. BN | 1 st
p-i-n structure is larger than the band gap of the I-type |ayer of the
second p-imtﬁdgt$Ihr@mm>@r?e,§slcon§xmtrmwdvm@ry nithige.second p-i-n structure
includes a P-type mcrocrystalline silicon layer, an |I-type

m crocrystal |l i ¢ anl¢obedimepbr thendtress Meduging rayer dasyat thicknass of |1Gcon | ayer
whi ch are stacked in sequence or a P-type anorphous silicon |ayer, an

| -type anompi®00snsi | i con | ayer and an N-type anorphous silicon |ayer which
are stacked in sequence. 20As an enbodi nent, the energy band gap of the

| -type sm crocrygt ahl embodiméntoa baffer |ayfer tibeforaed nsktiweken nthet tapChire i s
gradual |y reduced along the direction fromthe substrate to the back netal

| ayer. structure bRd @hélBbttdrA p-emkird@uidie above aspect, the present
di scl osure al so provides a nethod of fabricating a tandem solar cell,

including the HenseRfbodPhét! tHeLiffer 4t s hiadeSof JP6iR Bllcéh EbRBMRARY ent
conductive oxide |layer on the substrate; formng a top p-i-n structure on
t he transpsikgat (Y j | ayer, which conprises a first p-i-n
structur e?ﬁ%rdeqb(r%ﬂ?ﬂghftﬁest%%gﬁln structure conprises a P-type anorphous
silicon layer, an.l- inFUR" il : i phous
silicon |ayer |%¢1e@6§8'st ack@gc%b%r@g%ﬂ%ﬁ%é%%mﬁé? @?%ﬁ%‘@‘ﬁgsg%ggém phous
silicon Ia}xer is close to the transparent conductive oxide |ayer; formng a
bot t om%- A" d¥Uct ure on the top p-i-n structure, the bottom p-i-n
structure conprjsin P-type . m.crocrystalli ilicon |layer, an .|-type

mi crocrystal |1 46 & PrOgRMEeho4an P RIVGWE HitbroryespiserandPritton | ayer
whi ch are stacked in sequence, wherein the P-type mcrocrystalline silicon
| ayer is 1srugiracdtit ap d-tynfelaysp disppsed oprthetfinster-i-noxtivctije awbereis &6 nduci ng

| ayer on the bottom p-i-n structure, wherein stress inducing |ayer induced
tensi | e sthamslsgam of Hee Hoyre mMprrheuss siligen dayer ifr thadfirsbpritmglrpetuteds of the
stress inducing layer; and form ng a back nmetal |ayer on the stress

i nduci ng llarger than the band gap of the I-type layer of the second p-i-n structure.

15 As an embodiment, the second p-i-n structure includes a P-type
microcrystalline silicon layer, an I-type microcrystaliine silicon layer and an
N-type microcrystalline silicon layer which are stacked in sequence or a P-type
amorphous silicon layer, an I-type amorphous silicon layer and an N-type
amorphous silicon layer which are stacked in sequence.

20 As an embodiment, the energy band gap of the I-type microcrystalline
silicon layer of the second p-i-n structure is gradually reduced along the
direction from the substrate to the back metal layer.

In order to realize the above aspect, the present disclosure also provides
a method of fabricating a tandem solar cell, including the steps of: providing a

25 substrate; forming a transparent conductive oxide layer on the substrate;



As an enbodi nent, the stress inducing layer is forned by utilizing a

» 15cheni cal vapor deposition process. As an enbodi nent, the stress
" inducing layer is made of tungsten, silicon nitride, silicon oxide, silicon
oxynitride or tungsten nitride. As an enbodi nent, the thickness of

the stresdoimioga top pirpestructure®dminesansparertozndantivenbwde feyer, whigheact i on
chanber has a tenperature ranging from 200C to 500C in the step of formng
t he stressompises regfitshypeirn atrutiuee, behérein fhe first priFuctrucmré cootprisegiang t he
chem cal vapor deposition process. As an enbodi nent, a buffer

|l ayer is frofypedamdrgHoist sificghr ilayerstahubtypeeambtgoukhsiliéam Igyer- andtanuct ure is
formed and before the bottomp-i-n structure is 25 forned. As an

enbodi mentN.typaeambfgHus ! Sih !a§eﬂ%ﬂ:rpéré3§fa@|d§d $h |se§Q8N &L WRérBiMEheP- t ype
dopant or Ntype dopant. an enbodi ment, the aperture dianmeter of

the por °U$° ﬁél %Brﬁh’%u%r@ﬂiéo%r IaS/Qr'J‘r!s %Io%‘ toofhe ﬁ‘Qn@d’Q?Qﬂ' E5HHuctivé xiiy T er

| ayer is d by utilizing a photoelectric chemcal etching process.
layer; forming a bottom p-i-n structure on the top p-i-n structure, the bottom p-i-n

structure comprising a P-type microcryétalline silicon layer, an I-type
microcrystalline silicon layer and an N-type microcrystalline silicon layer which
are stacked in sequence, wherein the P-type microcrystalline silicon layer is

10 adjacent to the top p-i-n structure; forming a stress inducing layer on the bottom
p-i-n structure, wherein stress inducing layer induced tensile stress in the
bottom p-i-n structure during forming process of the stress inducing layer; and
forming a back metal layer on the stress inducing layer.

As an embodiment, the stress inducing layer is formed by utilizing a

15 chemical vapor deposition process.

As an embodiment, the stress inducing layer is made of tungsten, silicon
nitride, silicon oxide, sili(—:on oxynitride or tungsten nitride.

As an embodiment, the thickness of the stress inducing layer is 10
nm-500 nm.

20 As an embodiment, a reaction chamber has a temperature ranging from
200°C to 5007C in the step of forming the stress inducing layer on the bottom
p-i-n structure by utilizing the chemical vapor deposition process.

As an embodiment, a buffer layer is formed on the top p-i-n structure
after the top p-i-n structure is formed and before the bottom p-i-n structure is

25 formed.



As an enbodi ment, the top p-i-n structure further includes a second p-i-n
*structure stacked on the first p-i-n structure, and the band gap of the
" | -type anbrphous silicon layer of the first p-i-n structure is larger than
t he band gap of 10the |-type |layer of the second p-i-n structure. As
an enbodi ment, Ashen embodiingnt] the iffendayerés medeusfesoraudsiligqre containing
mcrocrystalline silicon layer, an |-type mcrocrystalline silicon |ayer
and an N-tpppedcpancobyNitabé dogarti | i con | ayer which are stacked in sequence
or a P-type anorphous silicon |ayer, an |-type anorphous silicon | ayer and
an N-type 15amuspApembotimerNntheaypRfturddiaheiérofthapbrslis dlicoRas 8Rfafier
As an enbodi nent, the step of formng the first p-i-n structure and the
second p-igmhny tHcture which are stacked in sequence further conprises the
steps of: 1 ntroducing a first m xed gas including hydrogen-contai ni ng gas,
silicon-containy Al - ' reaction
20 cha%ber, sorﬂasggq gﬁﬁ)gra%'ﬂgﬁﬁ yleé’ﬁdg?%ﬁghgg?)??@%ﬁrﬁq %yrbbgtotglﬁbe%t%g first
p-i-n struiqt ur.e  on the transparent conductive oxide layer; introducing a
second ni x% &"B%% %W&T%Brioﬁssshydr ogen-cont ai ni ng gas and silicon-containing
gas into the r actionbcaanbrﬁr 30 as to f?rmftBE I.-t&\/j e armrBhﬁ?us silicon
layer of the fitss?" FMPOAMSH e PR PIM PHctEefYEReRG Bﬁ%@sgeé’ PP I | ayer of
the first p-i-n structure; 25introducing a third m xed gas.including
hydr ogen-%rr‘\’FB‘lrﬁisrﬁ@C dson the firg pri-p HILHHEngng d8e dg%%’ Obih&iMYRYy Nt ype
dopant into the reaction chanber, so as to formthe N-type anorphous
si | i con | 8feerphpus pilicen layer pt thedirst p-irB tstruetuss is lreger thgmpheabandaausft si | i con
| ayer of the first p-i-n structure; introducing a first m xed gas including
hydr og¥n- dbe-&ipe lagerridhe seeand p-on-stroptusg.ni ng gas and gas contai ning P-type
dopant into the reaction chanber, so as to formthe P-type microcrystalline
silicon | ayer ds tame embodimentothehsesorsd | p-&on stragtare ancludhes seclBtyped-i - n
structure on the N-type anorphous silicon |layer of the first p-i-n
st r uct ur e;micrdorgsialineGiltonclagad an Aeybeg asicioen)staliineg shigdn dggder- aaditan ni ng gas
and silicon-containing gas into the reaction chanber, 10 so as to formthe

l-type m m#agfa/myaabéryﬁa||iﬁélsjilré@n |ayr Vi€l afeStalkdd/ PEs@RINBE@HS Ritypecon | ayer
of the second p-i-n structure on the P-type mcrocrystalline silicon |ayer

or the P-tam&pABLS RIREA %kbli, cam Iltgyeranidrphb8s SARBAdIahel 2RdShR UtHE,
wherein the band gap of the |-type mcrocrystalline Silicon |layer or the

-t %pfﬁgn%nﬁ%‘ﬂ%u?isi'li!:&Pl’éylata\)Oﬁirch%freE@%ké@ﬁp%u%hhé.n structure is smal | er

As an embodiment, the step of forming the first p-i-n structure and the
second p-i-n structure which are stacked in sequence further comprises the
steps of: introducing a first mixed gas including hydrogen-containing gas,
silicon-containing gas and gas containing P-type dopant into the reaction

20 chamber, so as to form the P-type amorphous silicon layer of the first p-i-n
structure on the transparent conductive oxide layer; introducing a second mixed
gas including hydrogen-containing gas and silicon-containing gas into the
reaction chamber, so as to form thé I-type amorphous silicon layer of the first
p-i-n structure on the P-type amorphous silicon layer of the first p-i-n structure;

25 introducing a third mixed gas including hydrogen-containing gas,



15 gap of the |-type anorphous silicon |layer of the first p-i-n structure;

~+and antroducing a third m xed gas including hydrogen-containing gas,

si I'i con-contai ni ng gas and gas containing N-type dopant into the reaction
chanber, so as to formthe N-type mcrocrystalline silicon |ayer or the
N-type anorphous silicon layer of the second p-i-n' structure on the |-type
20 mi cr ocgifoonagantaieingi pag @nd gper containing IN-typpedepantpimbughei teaction | ayer of
the second p-i-n structure. As an enbodi nent, the band gap of the

| -type m cotwembest ablasnto firin dwn N-typerarodrphbes sdicondayeri efnthet finst tpeirre i s
gradual |y reduced along the direction fromthe substrate to the back netal
| ayer. structur€oom athe dl-typé harmbphpus osilicont Jayieheofpthes éirdt sH-a cstassure; has t he
advant ages such as the follow ng: When the stress inducing layer is

formed on ihfiedlsid O P-firsth $hikeE! Wi Ofindili@ing andRitb§en-asntaring tprsi | e
strain is induced in the bottomp-1-n structure 5 under the action of the

stress J§ ndyedoptedrifihg 8§9s (4R dalecsitainthy TRRPedagpait e the tiBgtidyer of
the bottom p-i-n structure is reduced by "0.05 eV-0.15 eV, the absorbing

wavel engt hyy 89%s! {3CroRA thi 9Bty ROdrb ¥y ShIHBSITARRASYRSE! He BGYpe aF €
ed, anoPIt us t%h Y%e?

i ncreased, the resistance is red e pho ectric’conversion

ef {1 ci ency, hrohBte SALAKR 17k lor i LERIBYRAn HOBES BRfine AEGBEUAIOhGud e

t andem sol ar enbodi t he present di sclosure, Since the
buffer |aye

r is_formed between the botto -i-n strycture and the top p-i-n
ot uct ur o SHeqs Ty dhe PN 8TTL= B RSl Rinb ebhi e, of fetind “Bur ng
form ng process of the. solar cell. does pot affect the top. p-i-n structure,
whi ch avor BET SRR S B, AR BT opnBiing gpS e e aeastiR famtia.
addition, according to the tandem solar cell of the enbodi nents of the
present? di $tpsdefem the Hpe misrogrystaliingtsiicondarene thepkype @merghoscanyl e,
multiple p-i-n structures are formed in the top p-i-n structure and each
p-i-n strudliepndaypersofathe|sacopé pridy ekrucibtenodithe E-yne npisrasryfaglline sificeth | - t ype
| ayer with a variable band gap is forned in the top p-i-n structure, so
that the dbyer br rtge 28-typey @nmiphbous siligen dayemef dlog sgecord | p-i-8 $tnuntwased.

wherein the band gap of the I-type microcrystalline silicon layer or the I|-type

amorphous silicon layer of the second p-i-n structure is smaller than the band

15 gap of the I-type amorphous silicon layer of the first p-i-n structure; and

introducing a third mixed gas including hydrogen-containing gas,

silicon-containing gas and gas containing N-type dopant into the reaction

chamber, so as to form the N-type microcrystalline silicon layer or the N-type

amorphous silicon layer of the second p-i-n structure on the I-type

20  microcrystalline silicon layer or the I-type amorphous silicon layer of the second
p-i-n structure.

As an embodiment, the band gap of the I-type microcrystalline silicon

layer of the second p-i-n structure is gradually reduced along the direction from

the substrate to the back metal layer.



25cel | ; BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 illustrates a schematic

*structure view of a common tandem sol ar 8 Fig. 2 illustrates a
" schematic structure view of the tandemsolar cell in the embodiment of the
tandem sol ar ‘cell of the present disclosure; and Fig. 3
illustrates a production flow chart of the tandem solar cell in the

enbodi ment of tQGunparedwdith the prdrieet] thé préeent divdsusohas teeblvaftagdése present
Sdi scl osure. DETAILED DESCRI PTION A problemto be solved by the present
di scl osur &ych aTthelf&MMﬁiﬁg a tandem 10 solar cell with high photoelectric
conversion effici ency and a production nethod thereof. As used herein, the

singular forms \yRen th@élres%ﬂﬁduén‘i@laybﬂ‘s' f‘dﬁﬁecﬂ)bHrtﬁé bbﬁ&%r;ﬁﬁﬁ StrUBlURS f ¢ he

context- clearly dictates otherw se. I's noteworthy that, the P-type

|ayer in tfe tBﬁ&’éﬁ”éolQr‘ E&Il O%Hél?e %FPEW% hﬁu@edﬂwtt!ﬁ’@'b%%ﬁi B-iSrP Qi GEtS PN

material contalning P- e.g. anor
5 under the action of the stress inducing layer, so that the energy band gap of the

I-type layer of the bottqm p-i-n structure is reduced by 0.05 eV-0.15 eV, the
absorbing wavelength range and the carrier mobility of the tandem solar cell are
increased, the resistance is reduced, and thus the photoelectric conversion
efﬁciency of the solar cell is improved.

10 Further, according to the tandem solar cell of the embodiments of the
present disclosure, since the buffer layer is formed between the bottom p-i-n
structure and the top p-i-n structure, the induced tensile stress in the bottom
p-i-n structure during forming process of the solar cell does not affect the top
p-i-n structure, which avoids change of the band gap of the top p-i-n structure.

15 In addition, according to the tandem solar cell of the embodiments of the
present disclosure, the top p-i-n structure can be improved. For example,
multiple p-i-n structures are formed in the top p-i-n structure and each p-i-n
structure has an I-type layer with different band gaps, or an I-type layer with a
variable band gap is formed in the top p-i-n structure, so that the absorbing

20  wavelength range of the solar cell is increased.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a schematic structure view of a common tandem solar

25  cell;



15 silicon and mcrocrystalline silicon; the |-type |layer refers to a

»phot oel ectric conversion material containing no P-type dopant or N-type
dopant, e.g. anorphous silicon and microcrystalline silicon; and the N-type
l'ayer ref'ers to a photoelectric conversion material containing N-type
dopant, e.g. anorphous silicon and mcrocrystalline silicon. 20ln order to
enabl e t he tanddgnkibusiratesblschempatiy strigtyte yiewtad detandem sanasllsn dre

ef ficiency, the present disclosure adopts the follow ng neasures: a stress

i nduci ng |eyteediment ofthre daraten kelabo¢lt ofithp-presens tlisalosures aofl t he t andem sol ar
cell, and tensile strain is induced in the bottomp-i-n structure under the
action of the Hig.e3dlustrdiesi agroduction flow thet of tree emelegy sblandelaptied t he

| -type layer of 25 the bottomp-i-n structure is reduced by 0.05 eV-0. 15

eV, the ahsas&iiment bRUR) pRAUBLGTAREEIS ofttiterpdent B6lac 36N bfthd'pRideht y of the

tandem sol ar cell is increased, the resistance is reduced, and thus the
phot oelsectdisdosipeversion efficiency of the solar cell is inproved. In
addition, on the basis of the above tandem solar cell, in order to 5

prevent the stress induced in the bottomp-i-n structure during formng
process of the solar cell fromaffecting the top p-i-n structure and avoid

t he change of the band gap of ' cture, a buffer layer is
formed between the bottom p- ID%@#F@S?E?Q@%@I’({%G top p-i-n structure.

A problem to be solved by the present disclosure is to provide a tandem
10  solar cell with high photoelectric conversion efficiency and a production method

thereof. As used herein, the singular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise.

It is noteworthy that, the P-type layer in the present disclosure refers to a
photoelectric conversion material containing P-type dopant, e.g. amorphous

15 silicon and microcrystalline silicon; the I-type layer refers to a photoelectric
conversion material containing no P-type dopant or N-type dopant, e.g.
amorphous silicon and microcrystalline silicon; and the N-type layer refers to a
photoelectric conversion material containing N-type dopant, e.g. amorphous
silicon and microcrystalline silicon.

20 In order to enable the tandem solar cell to have high photoelectric
conversion efficiency, the present disclosure adopts the following measures: a
stress inducing layer is formed on the bottom p-i-n structure of the tandem solar
cell, and tensile strain is induced in the bottom p-i-n structure under the action

of the stress inducing layer, so that the energy band gap of the I-type layer of

25 the bottom p-i-n structure is reduced by 0.05 eV-0.15 eV, the absorbing



On the basis of the above tandem solar cell, the top p-i-n structure can 10
*be improved. For exanple, multiple p-i-n structures are fornmed in the top

p- i-n structure and each p-i-n structure has an |-type llayer with different
band gaps, or an |-type layer with a variable band gap is fornmed in the top

b-i-n St T UgbiiEnathhahbalis WBeARE AhbI BuIABLARIBN i naReH! sbiae cepligr cel |

S i ncrease techni ca tion o t he preesent sure |Is described

clearly ands sgaﬂmeet%oétatéa H9B SR CuREDAY BROLSIRIT E4FI00 O

acconpanyi ng T1gures ar ent Cri TENLs Al e only a part
of the enbogdi nments tg cglesent di cI osure. According to the descrr bed
and illustf P'&B%ﬂfo sﬁgﬁt ISMPraY enbodi nments can be easil y devi sed by

th f ordi | | t t f d
Spiri o the' Hivesklem o o Reef pelfs wPbke 1GRTm mtbroplip S B° BTG

illustrates a schematic structure vi ew of the tandem solar cell in the
enmbodi nEnt PEventibersiiegs Andused in dieg Pokem; irkn Sirvskine dyriag fFIEIRG: Progesghown i n
Fig. 2, the tandemsolar cell 10 includes a substrate 11, a transparent
conduct i veobhedrolarTeat) fromyaffecting ftog feriPdm shectyighand gveidithe change 9b- i -
25structure 13 fornmed on the transparent conductive oxide |ayer 12, a

bot t om p- i the band gap wf dhe 4op erimestrostuthea bufieplayen is farmedubeiwesn thest r ess

i nduci ng layer 15 fornmed on the bottom p-i-n structure 14, and a back netal
llayer 16 f botesrd peim sthectsrerarsisthienolp phimgsthecpae. 15. The substrate 11
is made of transparent conductive materials such as 5 glass, plastics,

pol ynmers and meQalthe basis of th8&bblansisne Bblat @elluttiel top mxh d&ubmryeebadz
contains suitable nmaterials such as stannic oxide, zinc oxide, indiumtin

oxi de, 1§adpe ifiploRBAI NBord&hNnTI6 OMNILPRL h-PA Stiefured areformal $@ treodbal-Rg ot her
dopi ng constituents. For exanple, when the transparent conductive oxide
layer 12 i gri@gR &id 8h&F p9H Sfucture has an I-type layer with different band gaps,
or an I-type layer with a variable band gap is formed in the-top p-i-n structure,
so that the absorbing wavelength range of the solar cell is increased.
The technical solution of the present disclosure is described clearly and
15 completely through specific embodiments by referring to accom’panying figures.
Apparently, the described embodiments are only a part of the embodiments of
the present disclosure. According to the described and illustrated
embodiments, all other embodiments can be easily devised by those of ordinary
skills in the art without departing from the scope and spirit of the invention as
20 defined in the appended claims.
Fig. 2 illustrates a schematic structure view of the tandem solar cell in the
embodiment of the tandem solar cell of the present disclosure. As shown in
Fig. 2, the tandem solar cell 10 includes a substrate 11, a transparent
conductive oxide (TCO) layer 12 formed on the substrate 11, a top p-i-n

25  structure 13 formed on the transparent conductive oxide layer 12, a bottom p-i-n

10



10 constituents such as alumnum galliumand boron can be doped in zinc
_toxi de. . The top p-i-n structure 13 at least includes a first p-i-n
structure 13a, and the first p-i-n structure 13a includes a P-type

anor phous silicon (a-Si:H layer 131a, an |-type anorphous silicon (i.e.,
intrinsic anDrERous silicon) layer 132a and an _N-type anorphous silicon
l-ayer 133a sifvicitie ardefosmegken the, e §rghstuctuse 1ihar #resst induging yayeratior phous
silicon layer 13la is adjacent to the transparent conductive oxide |ayer
12. fatmeed op the ibottory p-irot sirusturg ¥4urandea bagk mead@ldayersta tanaeg-on n
structure 13b stacked on the first p-i-n structure 13a, and the band gap of
t he | -type thestrpboingusingilayen 15ayer of the first p-i-n structure 13a is

| arger than the band 20 gap of the I-type |ayer of the second p-i-n
structure 13b. Tine Sustate p4iis made of tranepdreht cosducties raatBridlgpsuch as

m crocrystalline silicon layer 131b, an I-type mcrocrystalline silicon
llayer 132b qash, amhstics oRyrersrpemietapl | i ne silicon layer 133b which are
stacked in sequence or a P-type anorphous silicon layer 131b, an |-type

anor phous si | i cofhe @YfdpatattOciitflicave %x?dép%a/ém'ép&&%in?édit‘ég!é hrdYéialg 51330
whi ch are stacked in sequence. In one enbodi nent of the present

di scl osur e, e, REARR, Bl 2! (LT RakAP thnekiteleSadinfind Wfins and a

nicrocrystgi Ine silicon layer I'-type mcrocrystalline silicon
| ayer 132b and.an. N\ 1 C | ] i L yer .13 [ re
stacked | n SRR hERBE S5 EohA s Mhetacd i bR e eI
silicon layer 132b of the secon -i-n.structure 5 13b .is gradually reduced
21 ong t he- dRTeb g nfensRirele cottictve: xde BEeLHR BadRarbral 2Pk, Brcks.
Therefore, the band %ﬁ% of the I-type mcrocr stalligﬁﬁ%jjicon nger 132b
near th¥ sUARSSHLERISSHCN ASAIYPIUM. (gaHiuThant BRPNEAD ki derrd inZRg,xide.
m crocrystalline silicon |layer 132b near the back netal |ayer 16. The top
p-i-n structure e @Ptmi-7 FEUCHIR &3 at legst ineliden adiresp4-Astasipe dBagand
wavel ength range 10 of the tandemsolar _cell to be increased and w dened.
The absor bithg fifstvied-e rjtusturarige ipeludes @nlddye smerphaus| siliganh(ar-hieH hlsyee
structure is larger than a tandem solar cell w thout the above structure.
The bot t om 181ia; mandttype boraspHels sitidandge.,danPinsicpamoripbioos isilisom) layere1324 i con
(pc-Si:H) layer 141, an I-type mcrocrystalline silicon |ayer 142 and an
N-type and an N-type amorphous silicon layer 133a which are stacked in sequence,

15  wherein the P-type amorphous silicon layer 131a is adjacent to the transparent

conductive oxide layer 12.

The top p-i-n structure 13 further includes a second p-i-n structure 13b
stacked on the first p-i-n structure 13a, and the band gap of the I-type
amorphous silicon layer of the first p-i-n structure 13a is larger than the band

20 gap of the I-type layer of the second p-i-n structure 13b. The second p-i-n
structure 13b includes a P-type microcrystalline silicon layer 131b, an I-type
microcrystalline silicon layer 132b and an N-type microcrystalline silicon layer
133b which are stacked in sequence or a P-type amorphous silicon layer 131b,

an I-type amorphous silicon layer 132b and an N-type ambrphous silicon layer

25  133b which are stacked in sequence. In one embodiment of the present

11



15 mcrocrystalline silicon |ayer 143 which are stacked in sequence,

~*Wwherein the P-type mcrocrystalline silicon layer 141 is adjacent to the

top p-i-n structure 13. _ When the stress inducing |layer 15 is forned
on the bottomp-i-n structure 14, the bottomp-i-n structure 14 is induced
to generate tensile strain which is not exceeding 1% under the action of

t he stresdischoburenthe ageondl psi-nsstrudtarte flBe inguderagh -t dnigeasrystalline: | -t ype
| ayer of the bottomp-i-n structure 14 is reduced by 0.05 eV-0.15 eV, the
absor bi ng sieal lapgt 13 1tarayel-typewnitesrgstalline stlizon il@yerm8abl and/ ansNitype eased,
the resistance is reduced, and the photoelectric conversion efficiency is
i mproved. microcrystalline bl rlyer mBste whithsararstackediih 8beerice! ahdeheshbars s
inducing |layer 15 as long 25as the tensile stress can be introduced in the

bott om p-igdp SHthel thpfeemictostystalitie sfnebmw,@rnegseﬁﬁué)éedoha psih 8&Sctupgduci ng
llayer 15 on the bottomp-i-n structure I4. In this enmbodinent, the stress

d I d
|5|n| :Jg:)r?gox@r??'t%rq]rgduaﬁ ly'TedGcdd ab%ﬁ%ﬁ%ﬁﬁecﬁ@oﬁrﬁﬂﬂth@ dUbsHéte $4 td Wb?& €,

tungsten e stress 1nducing layer

made of t‘iﬁ?\%al € er LN GHFDoAL, AL B> §a \Ailo‘rltthé W‘? bRk Ra‘l’im%aél}‘c d the

Crést al | Corrprl Ses t Ungst en, Oduces tress I n e st Ir‘]ess
t

bort SH‘SI .'3%9‘?; 132, FRde il SLBaPaL ot e BfhoPhad 10 Bl 44h. SE S 1S " Ly

15 14

Lhe bot ormarat Oqg'i%ét'a%?awp fs?azﬁcfieta?ﬁﬁt eégget?ﬂ%er B T6E R B e il ch

is made of silicon njitride, sil oxide, silicon oxynltrlde or tungsten
nitride hadrughirgshsnpith the abovs SEB‘FPqu gnaRies fha ebbivg YRSt 879 ent
atons extrude each other and introduces stress in the stress II’ldUCI ng |ayer
15, ani® wénths Itaedsmnpelar deell 4o | be oifctpasae, ard | wideRedxyimiet r@bgerbing t ungst en
nitride is deposited on the bottomp-i-n structure 14, the stress

i nt r oducedvanelength sangssef d fandedusolag celhwith the abgve sirectuesdisdargenéhasot t om
p-i-n structure 14 and introduces stress in the bottomp-i-n structure 14.
The t hi ckreetemdem sdiar celiirvdout tiuabavg dtawgtre. 15 is closely related to the
stress introduced by the stress inducing |layer 15 to the bottomp-i-n

structure 14. I[Theobotéom tpei-mrstrueture ddaiokiudgs af Pitiyse baittoerstallinensititsruct ure 14
resulted fromoverlarge tensile stress introduced by the stress 20

i nduci ng |(¥si:H)Sayér 1€ drol-typen microdtyShNibé tsilicen Idyert 2 Ahd aknRsgpeof t he
stress inducing | ayer 15 is set to be 10 nm 500 nm
15 microcrystalline silicon layer 143 which are stacked in sequence, wherein the
P-type microcrystalline silicon layer 141 is adjacent to the top p-i-n structure 13.
When the stress inducing layer 15 is formed on the bottom p-i-n structure
14, the bottom p-i-n structure 14 is induced to generate tensile strain which is
not exceeding 1% under the action of the stress inducing layer 15, so that the
20 energy band gap of the I-type layer of the bottom p-i-n structure 14 is reduced
by 0.05 eV-0.15 eV, the absorbing wavelength range is widened, the carrier
mobility is increased, the resistance is reduced, and the photoelectric
conversion efficiency is improved.

Multiple materials are available for the stress inducing layer 15 as long

25 as the tensile stress can be introduced in the bottom p-i-n structure 14 during

12



The materials of the back nmetal layer 16 include but not limted to A, Ar,

*Ag, i, C, Au, Cu, Pt and an alloy or a conbination thereof.

The top p-i-n structure 13 absorbs sunlight to generate el ectron-hole
25pairs. ‘An €lectric field generated between the P-type |ayer of the top
p-i-n structure 13 and the N-type layer of the top p-i-n structure 13
enabl es t Hernihg précus ot streuaandscihd Raydr U5 @ thawettolf pi-Aatiueirg14- n
structure 13 and the holes o flow towards the P-type layer of the top p-i-n

struct ur e j43nisSémBSdikrfent, othe) siresYlih@Ning el 118N fs RBBE B tiiigReRVEliésd | nto
el ectric energy. Since the band 5 gap of anorphous silicon is |arger than

t he band f il : ‘ i T rerocrystalline silicon
absorbs lig Peﬁlﬁﬂw&g&eé{%g@gh ggmﬁldkhcﬁﬁgh%%éﬁgmﬁhoug silicon absorbs
[ight with narr : i i [ i ~l-n
stPucture 15 aigy HE Kfese ol ey s meld'of IR Fiulegdf sl eidls 0

whi ch is nqQt, abso b he t -L-n,stnu re 13. penetrates an 10

i rradiat esa?ttﬂg %’X%‘?gg%xﬁ’érx %qq?[t}ﬁoﬂyg"?a_ﬁdfée&ngltsgb%ogp%réso b npgt ThdY p-i-n
structure ;14 to generate el ectron-hole pair An el ectric field generated
bet woen ¢ HRIPIYCPRCHEse 1B dhg STEFY MALCLR IBgeh 1D LRHS 91 EngR e el Htsn i < n
structure 14 arfg,gthe N- t pz '%rocrystalline siLicon | ayer 14(? of thg |
bot t om p. iURISER ix-denasited 08 1he Palom pxi-a sirEilen e STESS BHRHHEET RRtE 1 ype

m crocrystalline 15 silicon |ayer 143 and the holes flow towards the
P-type m ctEepyisdusing daveyi 1pcisnfelegped 9 ithesbottom tryi-postrHciureud # edtd  Thus,

| ight energy is converted into electric energy. In order to prevent
t he stresdnirediassdstigestindhe thotiom pﬂduaﬁrm@unea$ér Sipce the isiresdimduingr ocess
of the tandem solar cell 10 fromaffecting the top p-i-n 20 structure 13
and changdaydrelhawmtticlyap noade loé silimpn pritride, stilicoot exide,18ilicoro okgmitride buf f er

| ayer 17 between the bottom p-i-n structure 14 and the top p-i-n structure
13, so thaungsten nitride Ihas Hrr esgmmstticakbdr complieatédidtiiae ptructores tadjacent e 14
which transferring into the buffer layer 17 is absorbed or weakened by the

buf fer | ayfemé extrliie @aeh othe sl iftrédudestsifeds in IRy StrdiaSindgecisg 158616 little
stress (not nore than 251% transfer into the top p-i-n structure 13 bel ow
t he buf f eragdaiBen LflicoMatiirRky shton oxide, silicon oxynitride or tungsten nitride is
deposited on the bottom p-i-n structure 14, the stress introduced by the stress
15 inducing layer 15 is released on the bottom p-i-n structure 14 and introduces
stress in the bottom p-i-n structure 14. The thickness of the stress inducing
layer 15 is closely related to the stress introduced by the stress inducing layer
15 to the bottom p-i-n structure 14. In order to prevent cracking of the bottom
p-i-n structure 14 resulted from overlarge tensile stress introduced by the stress
20 inducing layer 15 to the bottom p-i-n structure 14, the thickness of the stress
inducing layer 15 is set to be 10 nm-500 nm.
The materials of the back metal layer 16 include but not limited to Al, Ar,
Ag, Ti, Cr, Au, Cu, Pt and an alloy or a combination thereof.

The top p-i-n structure 13 absorbs sunlight to generate electron-hole

25 pairs. An electric field generated between the P-type layer of the top p-i-n

13



materials are suitable for the buffer layer 17, in this enbodi nent, the
‘buffer layer 17 is porous silicon'. Miltiple holes are formed in the por ous
silicon, and the aperture dianeter of the porous silicon is preferably
smaller than 1 pm thereby having great elastic deformation capability, and
effectively reducing or 5 elimnating stress transferred to the porous

| P- i d i f he |

5o that ¢ restueBfe SOP'RE Re Rl Skt el fopP Biin’ BTl 18, hitfes” SeSIbo!t]'(E: om
- t ' t t duct | o hart

Pre Candoriedichs" dapye fowardS gk NP er of 1o ot Pud Altice A2 ft B ¢ e

tandem sol ar cel | of the present 10 di scl osure. The enbodi nent of the
product i orakes dawdewards _tF‘ﬁrPdB‘iheé@Y%[rOfd@ fon pri-nstiyelise 18es0 PR tAI&MET s with
reference to both Figs. 2 and 3. First, step S11 is perforned,

provi di ng @ cyiipkt ard gghtlewgvne cop¥ertecdinte leigntke epaEy- s Bowe) theNesnd st ep
S12 is perforned, formng a transparent conductive oxide 15 | ayer 12 on the
subst r &t e gep, ofvareerphausmsilicompisclafgar tharny theehanstigap of micibtrablatinesilichnas a
sputtering nmethod, a chem cal vapor deposition (CVD) nethod and an arc

pl asma netthedmicrocrystalliSabsibcprerabisprbssligipt 848 médeoevdvar madd, fvadile e a t op
p-i-n structure 13 on the transparent conductive oxide |ayer 12. The top

p-i-n strurhomphods silicdneabiso®B iligiel wdths rarfow stave ibandst r Satlighe firsa, and
the first p-i-n structure 13a includes a P-type anorphous silicon (a-Si:H)

| ayer 131l3gsradiatds-th¥R6p P BliGetSreS13 bf@Ms bbsérbed ibytthie Nyfe RIVEF tHeeets, sil i con)
| ayer 132a and an N-type anorphous silicon |ayer 133a which are stacked in

sequence, s Riight WRicR-id Meﬁa@gmsémeyshétdd 598 émﬁrre h%lg?ede%a?éy &fent to

t he transparent conductive oxide l|ayer -1-n structure

13 may,f urifhghedsn ?éj(a%ttamsﬁqqg‘étrgcﬂuré] ﬂt aHﬁ é’:?s%r&é&) b?mf’rfé;%@ttBHl Fh% first

p-i-n structure 1 and t gap of type hous silicon |ayer

of L {1 Iefuoll” 74 56" ehueFe 18I 955, "ot BRIR"HR2Replldie |-t yPe

| ayer of the second ype ayer o
between the P-type microcrystalline silicon layer 141 of the bottom p-i-n

structure 14 and the N-type microcrystalline silicon layer 143 of the bottom p-i-n

structure 14 enables the electrons move towards the N-type microcrystalline

15  silicon layer 143 and the holes flow towards the P-type microcrystalline silicon

layer 141, so as to form a current. Thus, light energy is converted into electric
energy. |

In order to prevent the stress induced by the stress inducing layer 15

during forming process of the tandem solar cell 10 from affecting the top p-i-n

20  structure 13 and change the band gap of the top p-i-n structure 13. To form a

buffer layer 17 between the bottom p-i-n structure 14 and the top p-i-n structure

13, so that the tensile stress induced in the bottom p-i-n structure 14 which

transferring into the buffer layer 17 is absorbed or weakened by the buffer layer

17. Through the said structure, there has no stress or littie stress (not more than

25 1%) transfer into the top p-i-n structure 13 below the buffer layer 17. Variety of

14



5 second p-i-n structure 13b can be I|-type anorphous silicon |ayer or
‘I-type mcrocrystalline silicon layer; therefore the second p-i-n structure
13b includes a P-type nmicrocrystalline silicon |ayer, an |-type

m crocrystalline silicon |layer and an N-type microcrystalline silicon |ayer

whi ch are rﬁét@ﬁb%daﬂe”slﬁ%%@lf&eth@r b¥fdr- |h¥ae1¢nw O bRl &N tHé‘l‘)ﬁFfer an
F-type am)rphous silicon layer and an 10 N-type anorphous silicon |ayer

whi ch ar edé%é dPoésegiHé‘d?Fe Mol ?Wm@zés@ Ff_SfrﬂEd‘HtHe"SorBﬁ?%ﬁ%P{a nde! osure,

t he secon ructure 13b" I Ne e mcrocrystalli'ne silicon

ayer 1310y ool B L GF 9 e LRI S R ALS] <305, 104 A type

m crocrysta silicon I'n_sequence,’ and the
band gap of t rys alline sil y of the 15 second
bl nostr Jﬁ?r&.@x ey greg) 3@&@? s w@aaewaaﬁ%ﬁy ?H@ %{FP%VCBM EUGHPE he
substrate 11 to. the back n§ rb s ,enbodi nent, the

P- t ype Sandt BHARINGs Pifessofan 9@?‘1 i@ltﬁecﬂor?tﬁes'll'i’?%t p-txpend%ce'?%@( YPB34 i s
fornmed by plasnma enhanced chem cal vapor deposition (PECVD) net hod and the
net hod i n&lo is w&rfqrmdcqmg!eapwppgtsﬂwp&ew & the tor Rdtustrygure 13

hydr ogen- cont ai ni ng silicon-containing gas and gas containing P-type
dopant i nteleqtrieallyesn P@iﬁdé%mﬁ:)@tt()f@@'ld\sﬂft& yrérth-t he P-type anorphous
silicon layer 131la on the transparent conductive oxide |ayer. The

hydr ogen- cont aifig.nd) ilystraiesca pdeictian flowt charhiof de tamdeydsagerellire the
silicon-containing gas includes but not limted to silane (Si1-14),

di si |l ane (ésnizddbnenfbEtHe prduttidn afdthmdt bflthe Gindéin salat celbof thet peeskhbr i de
(SiCl4), dichloro-silane (Si H2Cl12) and a conbi nation thereof. The P-type

dopant jomayisdisdutee Theé efmdbtinyertof fRNproJELEIh RetHYAr SThe farklemTsldNtelrNd
preferably is boron. The boron-containing gas may include trimethyl boron

(TMB or B(ifhBdesoribed ivae@ns (AR rbicrerfledo doth Bigs2ttahd3. SThe form ng method of

the I -type anorphous silicon |ayer 132a of the
First, step S11 is performed, providing a substrate 11 to the reaction

chamber (not shown).
Next, step S12 is performed, forming a transparent conductive oxide
15 layer 12 on the substrate 11, wherein multiple forming method are available,
such as a sputtering method, a chemical vapor deposition (CVD) method and
an arc plasma method.
Subsequently, step S13 is performed, forming a top p-i-n structure 1.3 on
the transparent conductive oxide layer 12. The top p-i-n structure 13 at least
20 includes a first p-i-n structure 13a, and the first p-i-n structure 13a includes a
P-type amorphous silicon (a-Si:H) layer 131a, an |-type amorphous silicon (l.e.,
intrinsic amorphous silicon) layer 132a and an N-type amorphous silicon layer
133a which are stacked in sequence, wherein the P-type amorphous silicon

layer 131a is adjacent to the transparent conductive oxide layer 12.

15



first p-i-n structure 13a is like that of the P-type anorphous silicon

. ‘layer 131a, and the difference is that the gas containing P-type dopant

does not need to be introduced into the reaction chanber during the forming
process. Specifically, the form ng nethod includes the follow ng steps:

I ntroduci ng a second m xed 10 gas includi ng hydrogen-containing gas and

si | i con- cont ai nihegtogap-i-nnétructure 13 actyi fortheh anthele, a secand fpei-if stroctube | -t ype
anor phous silicon | ayer 132a on the P-type anorphous silicon |ayer 13la.

The N-typet3preiaeked onsttel g phiay etrudtdsa 184, bhe thé rindpgap of thé Uaypes e 13a
can al so be fornmed by adopting a plasma enhanced chem cal vapor deposition

15 (PECVD)am@ipheds saiaen tid\eerrartthe dirstns-|-n d@sictur@ ti3ady Gamger sharhiHedbahked gas
i ncl udi ng hydr ogen-cont ai ni ng gas, silicon-containing gas and gas

cont ai ni ngy AW $MAE 14RRABYer dTttRe B6oHERARhISHICRREABET . TRO I-BDelifydrdihd he
N-type anor phous silicon |layer 133a on the |-type anorphous silicon |ayer

132a. The @&Bﬂae&-i-ﬁ0&?@t%?‘93t?3:§gi58g' |%{9§%t£wr%ﬂeﬁs lsiilfébﬁ.elggéro opéﬁg@en' The

20 silicon-contal ning gas inc u ted to silane ( 14),

L (PR g SRS Sl AT g 41
Cont a1l 1 Ml RGOSRk SISA58,3: R Thlok EPRRb AL dhth wgoahe u>
Thus, the 31 REbpp.nciodysialig  Wicpasleyer Whishoare stacked n sequénce ora o
P-type amorphous silicon layer, an I-type amorphous silicon layer and an
10 N-type amorphous silicon layer which are stacked in sequence. In an
embodiment of the present disclosure, the second p-i-n structure 13b includes a
P-type microcrystalline silicon layer 131b, an I-type microcrystalline silicon layer
132b and an N-type microcrystalline silicon layer 133b which are stacked in
sequence, and the band gap of the I-type microcrystalline silicon layer of the
15 second p-i-n structure 13b is gradually reduced along the direction from the
substrate 11 to the back metal layer 16.
In this embodiment, the P-type amorphous silicon layer 131a of the first
p-i-n structure 13a is formed by plasma enhanced chemical vapor deposition
(PECVD) method, and the method. includes: introducing a first mixed gas
20 including hydrogen-containing gas, silicon-containing gas and gas containing
P-type dopant into the reaction chamber, so as to form the P-type amorphous
silicon layer 131a on the transparent conductive oxide 'layer. The
hydrogen-containing gas includes but not limited to hydrogen. The
silicon-containing gas includes but not limited to silane (SiH,), disilane (SizHs),

25  silicon tetrafluoride (SiF,), silicon tetrachloride (SiCls), dichloro-silane (SiH2Cly)

16



Simlarly, the second p-i-n structure 13b can al so be formed by using a

_*plasma enhanced chem cal vapor deposition (PECVD) nethod, and the nethod

i ncl udes: introducing a first mixed gas including hydrogen-containing gas,
silicon-containing gas and gas containing P-type dopant into the reaction 5
chanber, so as to formthe P-type anorphous silicon |layer or the P-type
mi cr ocr ystaald @ gembinationthdragfer Thartyple ddpant ewyndcipde dlhfanitueleoestsi3b on
the -N-type anorphous silicon |ayer 133a of the first p-i-n structure 13a;
t hen i nt r aiehi axg barare opathiminymd apaspreferbblgi isgbdrgdsr oTlkes -boeni-aomtaimingas,
silicon-containing gas and dopant into the reaction chanber, so as to form
the io | -dagp@aqielpde wsméethlyl Boron! @B deB(UR%?sb,-dibﬁl%n@éi @.Fi), BH;24nd ne
silicon layer 132b on the P-type anorphous silicon |ayer or the P-type
m crocrystgld,Hpg. silicon layer 131b of the second p-i-n structure 13b,
wherein the energy band gap of the I-type layer (including the I-type
anor phaus sili 1 el il A r) 132b
of the%second Sffﬁ{é_\‘r??tﬁﬁ{u@{éb@g@%ﬁ%&?yg%ﬁgﬁh}ﬁgé%![lltc]:gﬂq?i%rt*IO ?gYéla-type
anor phous &L 1 € a €. i g o PR IS n the
40 EALBAERE 19970 RE RIS E ool BB et o her L

| -type | ayer -1-n stru

silicon | o OF: 0 b i ] 1.ng the
type amar e RFEnee R RaGnp Ve KorPUERY £ iR B CHOEE i en e P
ener gy band f. the I-type anorphous, si|icon layer. 20lptraoducing a

Thir d i e aioeinto e gasHR SRR ST u8rih A do S bEdessonSEBATIN g gas
and gas coRtgiBni_ng N-élyﬁe, ao ant into the reaction chanber, sp as fo form
the N-typdN&iBIPAGURSYEPHiiReHIeS(hs TlPwing: sigPsy BWORMENE 3 yePAMd MEES | i con
| ayer -133b on the |I-type anorphous silicon |ayer or the I-type

m cr ocWystgasl infuding i ysirogenyeantainipg ggs sadbridfigenicontainipg cgag dnteaghe

The introduction of gas into the reaction chanber can be continued so as to
f or m ot herrepctiomchambert se @s toformhtheslelype @merphousssilieart layer 13%g omthe it i s
not illustrated any nore. Next, step S14 is perforned, formng a
buf f er | aytyperamorphbes sitiporplayen131ast ruct ure 13. A variety of
materials are selected for the buffer layer 17. In this enbodi nent, the

buffer layer 17ThesN#wpske anforgrayususilicoinl lagem133ndf thet frgepdopstngctoe N84 ype
doping is perforned on the porous silicon, so that the top p-i-n structure

llgylef el ecdan &18b b¥ f6@REHIBY @dopting BIdd @AhshdedncHentiisditvuaper déposhitivh buf f er
15 (PECVD) method, and the method includes: introducing a third mixed gas
including hydrogen-containing gas, silicon-containing gas and gas containing
N-type dopant into the reaction chamber, so as to form the N-type amorphous
silicon layer 133a on the I-type amorphous silicon layer 132a. The
hydrogen-containing gas includes but not limited to hydrogen. The
20  silicon-containing gas includes but not limited to silane (SiH,), disilane (SizHs),
silicon tetrafluoride (SiF4), silicon tetrachloride (SiCls), dichloro-silane (SiH2Cl)
and a combination thereof. The gas containing N-type dopant includes
V-family elements such as phosphorus, arsenic or antimbny, and preferably js
phosphorus. The phosphorus—contaihing gas may include hyd'rbgen

25 phosphide and the like. Thus, the first p-i-n structure 13a is formed.
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10 17 is formed by utilizing a relatively mature production process, i.e.
“the phot oel ectric chem cal etching process, and the technol ogical
paraneters of. the production process is as follows: the tenperature is room
tenperature, the current density is 5 mA cnR-800 mW cn®, the irradiation
optical power of halogen light is 10 m/Ncn2-100 MV cn?, and the solution is
the m xed Siwilaty. dhe ssepnthpinoftiugte 3§c‘iad1‘ glpppe fReped by Lstg aRESEIR ohol
(C2H50OH) . Next step S15 is perforned, formng a bottom p-i-n

st ruct ur e enbapeed r@emjf:alewap@ryéiepwtlomm@@\@i heethed: afid-the nmethadct ure 14

i ncl udes sequential stacked a P-type mcrocrystalline silicon |ayer 141, an
| -type mni dncledesstiatrbdueingia ifireh misged rgass Mcuding nhydregerecentainingr gesal | i ne
'silicon layer, wherein the P-type 20 mcrocrystalline silicon layer 141 is
cl ose and silidpbaaentaitingt s tabd pas - corddiningt Brtypé 3dopEme ihtr hergeaetidnods  of

the mcrocrystalline silicon |ayer can be plasma enhanced chem cal vapor

deposi tsi orchaRiBeYDso dWtio ibfe thberitgsd ansgrphodts piigohi lager( OVEN®) Paypee! ect ron
cyclotron resonance chenical vapor deposition, in this enbodiment, plasma

enhanced qﬂ%m&ﬁtawmn.ceﬁngﬁrt h9Tb (o?ﬁﬁé@edoﬁd 28i-hakfitt@de #b AL €.

The microcryst ine silicon layer form ng method conprises: introducing a

first m xgglygrs ambwsngmewlag@mg@é\t&l {HeNGrsdas-i-nSkirh &Qve- 48AL MdH NY gas
and gas containing P-type dopant into the reactl on chanber, so as to form

Euhr6| Eét¥ﬁgntga&¥cﬂﬁnyat aéérdgﬂgsih% 80Flbx-:tésa-t ype 9st aH” nné'I1 51 con | ayer
141, the nqoparthonal é%%dd'n%ngéba%?rﬁtg'tﬁé 'Fgacﬂ%ﬁac}h%nji&? {4 b3t Bpghes 1

|I|
control l ec?

ni ca paraneters ar e SO coh I'ed"t 0 enabl e the
Q”XSLSF@”“%%%%@%M%SQP%% et B 1% Rufe BOPa oo livandouet 1ithe

formng nethod of the |- crocr II ne silicon.l 142 is
bas! carl y ampeape R b peLEpet giBe rﬁ&vp&fwgqcmt?'ﬁ SHESTEBHET ayer
141, and the difference is that the s containing P-type dopant does not
need to bel31ht elothgcearondt kri-bHdruchyet i!@n whraabethedensray band 9an af e process.
Specifically, the form ng nethod includes the form ng steps. introducing a
second ni ﬂémp@alqurs (inchislinglithg Mo @arerebetisi siligay daxeramd the I-type
silicon-containing gas into the reaction chanber, so as to formthe |-type
m cr ocr ystraictaangstaliihe sitinot dayer) 132b oﬁthehsedantims*'en rstroctuice i8bds Ismadlesi | i con
| ayer 141.
15  than that of the I-type amorphous silicon layer 132a of the first p-i-n structure
13a. When the I-type layer of the second p-i-n structure 13b is the I-type
amorphous silicon layer, other dopants can be added into the mixed gas
forming the I-type amorphous silicon layer, such as germanium, so as to
change the energy band gap of the I-type amorphous silicon layer.
20 Introducing a third mixed gas including hydrogen-containing gas,
silicon-containing gas and gas containing N-type dopant into the reaction
chamber, so as to form the N-type.amorphous silicon layer or the N-type

microcrystalline silicon layer 133b on the I-type amorphous silicon layer or the

I-type microcrystalline silicon layer 132b of second p-i-n structure 13b.
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The form ng nmethod of the N-type mcrocrystalline silicon layer 143 is
_“basitally the same as that of the P-type mcrocrystalline silicon |ayer

141, and 20 the difference is that the gas containing N-type dopant is

instead introduced into the reaction chanber during the form ng process.

Specifically, the form ng nmethod includes the follow ng steps: introducing

a third m xed dJae ininedudction®f ggslindgdme cxactian chambegasan e contouedamutas ni ng gas

and gas containing N-type dopant into the reaction chanber, so as to form .

t he N-typeaorfoen @thersp-ahl stneturesidn thensécner p-HASstauttdrbel 3b; tangeit is not

m crocrystalline silicon layer 142. During the form ng process of the

N-type m GH@tiaysd ahy moee.si | icon |ayer 143, the proportion of
hydr ogen-containing gas in the third m xed gas is controlled and ot her

techni cal par afgher sief 1 RlsSPerf@?HedOkdfifing @ KR! I8/drher Bh Gho sy Blicd |

i ne
silicon layer to have a proper crystallization rate. For exanple, the
crystalg i lcRfctate 5 is kept between 20% and 80% Next step S16 is
performed, formng a stress inducing layer 15 on the bottomp-i-n structure

14. Multiple ngterials ar il abl e f t r [ [ laygr. 15. In
this enbodi rregt&\, %hgysPfgg%tge{%éu%?ngelleg%grH) St?‘%sggr@%t%gfgpﬂ%gslﬁeﬁ's silicon
nitride, silicon oxide i licon-oxynitride or tungste itride. 10 During
the T or mi i 0eEt T buter 18V aue R b {iprPls HEdS SR Gind s 7 <

i ntroduced  inside .the bottomp-i-n structyre 14 so as to inprove the

phot oel sctIPIRRIAG & BRTAMACb e PUPUE AICR SR BEAPPSErT STHSIURLI ¢ i pl o
formng nethods are available to the stress inducing |ayer 15, and in this
embodi ment13 ishelectficalysconsugiadhtp theyRettons prish sueice 8@7 uﬁ"‘? puffaglayge

chem cal 15 vapor deposition process. Wien the stress inducing layer 15 is
f or nedloby i iis ifeimaed thye usliring cail reladipely ohe@bosi proguclipro@seesssi ti-6.s theund t hat
the stress induced by the stress inducing layer 15 to the bottom p-i-n

st ruct ur e phptesiecttie cheihiest el¢hing nroeessoland the tacbneolegicabpargimetérs phtheamet er s of
the chem cal vapor deposition process. In this enbodi nent, when the

t enper at urproductioneproeass iiomas2fbllowanttes terapérapire biet roean tetipératurd, HOt
proper tensile strain is induced in the bottomp-i-n structure 14 and the

bot t om p- icutredit rdiisity eis 18 byahhsohi mhA/dphrot tael reididtioncoptical spewerebf i ci ency.
Furthernore, when the stress inducing layer 15 is forned, the bottomp-i-n

structure Heodeh gHtiid 90 BV RTTOAEVIChAL ahdhe Sikstdreisdisé aiixad s@ataf the
bottom p-i-n structure 14 does not exceed 1% so as 25to avoid the
si tuat{on Jehgbirdhuehc BERLRR) 8Fhtet fHEDBHRI AL BEJHBHNCY cannot be
Next step S15 is performed, forming a bottom p-i-n structure 14 on the
buffer layer 17, wherein the bottom p-i-n structure 14 includes sequential
stacked a P-type microcrystalline silicon layer 141, an |-type microcrystalline
silicon layer 142 and an N-type microcrystalline silicon layer, wherein the P-type
20  microcrystalline silicon layer 141 is close and adjacent to the top p-i-n structure
13. The forming methods of the microcrystalline silicon layer can be plasma
~ enhanced chemical vapor deposition (PECVD), hot wire chemical vapor
| “deposition (HWCVD) or electron cyclotron resOnanée chemical vapor deposition,

in this embodiment, plasma enhanced chemical vapor deposition (PECVD) is

25  taken as an example.
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obtained due to the internal structure damage resulted from overl arge
,tdefofmation made in the bottomp-i-n structure 14. The thickness of the
stress inducing layer 15 is highly related to the stress introduced by the
stress inducing layer 15 to the bottomp-i-n structure 14. In order to
prevent cracking of the 5 bottomp-i-n structure 14 resulted fromoverlarge

tensile stress That mRfsEPstalite shidos 14yRF JorniAg PhétBod R¥MpridSs:tiRtrédlRilpt t om
p-i-n structure 14, the t hi ckness of the stress inducing Iayer 15 Is set to

be 10 nm 506 AMixed gas i ﬁ(ﬂ’o ¥n- céﬁl%ﬂ'llr%l%aé Ssﬂ'&ﬁfnf&fn@ﬂ a back

nmetal |ayer 16 on the stress | Ing layer™ I5, wherein the form ng met hod

of the bac srrg@fﬂgllnﬁ-gje :?Ee Topant ﬁ#}S Eﬁ%nr%agﬁorﬁ RALndkr t 56

conduct i ve’ oxI ove process otatspro ucl ng t he

t andem sol ar ceII a ty ers_and the
Ntype | ayanpeomeneveBing s '%O%Frvaﬁﬁﬁ‘ﬂeﬁiﬁ% %%@ad%eg PFie TG oY |
structure f13a and the s fetf‘ﬁgg i-n str ure I:L3b)I %h bottomcﬁ\b

st ruct ur e 'PAMIPLTRERST ¢ dRE THITPGTYS ﬁ ng § |CP§ta¥ﬁrx1e 3'3% PO | udi ng
hydr ogen- cant ai ni n _Si |iconp-cont ai ni as and gas cont ai ni P-type
dopant), & s@%ﬁﬂe?gffzg'ét&' g g@snt R rfﬁs hyﬂ’%g&?sc@nf’ heliey gad %?Hg
silicon-containing g and a third m xed gas (including

hydr ogen- d@ﬁhrapahnaja@& rs e jaleth cedraligdnonenabie t%mgagry@tﬁ#m #ilieRN N-t ype
dopant), during formng of the P-type layers, the I-type |layers and the
N-type | ayayer tofhayefes @ruoeﬁt crysiallization gateuckor @@,mmlhethprmaliizaii@ndata/ar i ous
gases in the first m xed gas, the second m xed gas and the third m xed gas
probabl y ris&dpt heiwben 20fwsnd80%or r espondi ngly, or different Kkinds of

hydr ogen- cont ai ni ng gas, silicon-containing gas, gas containing P-type

dopanticand gas Thenfarimingienethdd pé tledande amieroesyatallinen stidon tiayer, 14R1id ng
formng of the P-type layers, the I-type 25l ayers and the N-type | ayers of

di fferent hasicdlly 3hé dainer &Sthas peehd Paype efibioesstalliy Sili@drelayes s, &sd reaction
pressure and tenperature also need to be adjusted correspondi ngly.
the difference is that the gas containing P-type dopant does not need to be
introduced into the reaction chamber during the forming process. Specifically,
the forming method includes the forming steps: introducing a second mixed gas
15 including hydrogen-containing gas and silicon-containing gas into the reaction
chamber, so as to form the I-type microcrystalline silicon layer 142 on the
P-type microcrystalline silicon layer 141.
The forming method of the N-type microcrystalline silicon layer 143 is
basically the same as that of the P-type microcrystélline silicon layer 141, and
20 the difference is that the gas containing N-type dopant is instead introduced into
the reaction chamber during _the forming process. Specifically, the forming
method includes the following steps: introducing a third mixed gas including
hydrogen-containing gas, silicon-containing gas and gés containing N-type
dopant into the reaction chamber, so as to form the N-type microcrystalline

25 silicon layer 143 on the I-type microcrystalline silicon layer 142. During the
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In conclusion, conpared with the prior art, the present disclosure has the
_‘follbw ng advantages: 5when the stress inducing layer is forned on the
bottom p-i-n structure of the tandem solar cell, tensile strain is made in
the bottom p-i-n structure under the action of the stress induci ng |layer,
so that the energy band gap of the |I-type |layer of the bottomp-i-n

st ruct ur e fPENipg dATReRSSHS tged‘fﬁ)@@ 'U'CI@WGH'M@I@B@d@!ﬁrnlfmpﬁp@ﬂpw ange is

wi dened, the carrier m)bl lity of the tandemsolar cell is 10 increased,
t he resi stadnhydrogen-conteining gad inhtie thied privededascisr contealiede asd cothef fi ci ency
of the solar cell is inproved. On the basis of the above tandem

sol ar cel ltectwical parammetans face alsoy eontradlet] do nerdhblee thvee enicrohry staditrieosiligon - n
structure and the top p-i-n structure, stress introduced in the bottom
p-i-n struayetrte haue iangrop8ecrystatlizaorpraie e SBoroéxantige Sthearystallizationl ratkoes not
affect the top p-i-n structure, which avoids change of the band gap of the

top p-is N iskepiBdtveen 20%04rH 8006t 0 t he above tandem solar cell, the top
p-i-n structure can be inproved, for instance, multiple p-i-n structures

are formed in Nt B16-i8 p'ie%HﬁéG”%rrﬁl?@ £3%RsP ihduting ra%ﬁ Y5 gife an

| -type layer with energy band gap, or an'l-type layer W th a variable band

gap i's forgmdn| g: Fnii‘estt]&ﬂjrg ‘14” ItlﬁérrlH‘a‘fe‘r'n"a% are at\}(%ﬂéblghforafﬁ%%f?é@

wavel engt h rang e sol ar ncreased an In the

forgoing, 8.4 E&S FRCe! tﬁhs é}%b{?& ‘ﬁt, %&L.Qél Ucﬂf |£%"r 1%*2995 gfs. those
of prof essj onal Is in can ter ers , rep ro ce and use
th di,scl t to t. f, 25 f I

e P! SRS e R, SRR o A ™ o
t he enbod nt hout depart fromthe sco rit, of the, present
i ect olor S g fiihe Prtbess | fdng| SBsa BarsBaderS ThdeBMsaItE IS Thus,
it should be understood that these enbodi nents are not intended to I|mt

the preserbtreducedodipi¢e HRd boHeMs dbhe BfuGine phlesontasditecimRigve &1fal | be

defi ned
photoelectric conversion efficiency of the tandem solar cell 10. Multiple

forming methods are available to the stress inducing layer 15, and in this
embodiment, the stress inducing layer 15 is formed by utilizing the chemical
15 vapor deposition process. When the stress inducing layer 15 is formed by
utilizing the chemical vapor deposition process, it is found that the stress
induced by the stress inducing layer 15 to the bottom p-i-n structure 14 can be
adjusted by controliing the technological parameters of the chemical vapor
deposition process. In this embodiment, when the temperature in the reaction.
20 chamber is kept between 200°C and 500°C, proper tensile strain is induced in
the bottom p-i-n structure 14 and the bottom p-i-n structure 14 obtains high
photoelectric conversion efficiency. Furthermore, when the stress inducing
layer 15 is formed, the bottom p-i-n structure 14 is Imonitored to ensure that the
tensile deformation of the bottom p-i-n structure 14 does not exceed 1%, so as

25 to avoid the situation that high photoelectric conversion efficiency cannot be
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5by the appended clains. WHAT IS CLAIMED | S: 1.- A tandem solar
_tcel |4 conprising: a substrate; 5a transparent conductive oxide |ayer fornmed
on the substrate; a top p-i-n structure forned on the transparent
conductive oxide layer and conprising a first p-i-n structure, wherein the
first p-i-n structure conprises a P-type anorphous silicon |ayer, an |-type

anor phous éﬂtbiinéendhéy% A8 A8 t YRR IRRRIGR ShébiAN oY e{wé’r"@r&é" are

stacked in sequence, erein the i oP-type anorphous silicon [ayer'iIs

cdacent b HRRES il AL S Mgy 0
ot 1t e GRURAS RSBy s NG e B IR P 12, e
15uhi oh"ar e, 81 28K e BoRSHUERR SRR 4! TN rdar UPT S GSERRS A e
5  bottom p-i-n structure 14 resulted from overlarge tensile stress introduced by
the stress inducing layer 15 to the bottom p-i-n structure 14, the thickness of the
stress inducing layer 15 is set to be 10 nm-500 nm.
Subsequently, step S17 is performed, forming a back metal layer 16 on
the stress inducing layer 15, wherein the forming method of the back metal
10 layer 16 is the same as that of the transparent conductive oxide layer 12.
In the above process of produéing the tandem solar cell, although the
P-type layers, the |-type layers and the N-type layers of'the top p-i-n structure
13 (including the first p-i-n structure 13a and the second p-i-n structure 13b) and
the bottom p-i-n structure 14 are each formed by utilizing a first mixed gas
15  (including hydrogen-containing gas, silicon-containing gas and gas containing
P-type dopant), a second mixed gas (including hydrogen-containing gas and
silicon-containing gas) and a third mixed gas (including hydrogen-containing
gas, silicon-containing gas and gas containing N-type dopant), during forming of
the P-type layers, the I-type layers and the N-type layers of different p-i-n
20 structures, the proportion of various gases in the first mixed gas, the second
mixed gas and the third mixed gas probably needs to be adjusted
correspondingly, or different kinds of hydrogen-containing gas,
silicon-containing gas, gas containing P-type dopant and gas containing N-type
dopant are used. In addition, during forming of the P-type layers, the I-type

25 layers and the N-type layers of different p-i-n structures, specific technical
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1, wherein
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ar cell of claim2, wherein the stress inducing |ayer has

ab; ug%d%r%pégﬁu§l§n§r ayer 4. The tandem sol ar cell

corrprlsmga 5 formed between the top p-i-n

and the.dy !L{]s%%%?#n& r?ot wh!ﬁttr'rl-:r Srlo C'art t?e Bg’eseﬁpﬁlskl%ggr%rﬂzfsotlh@

mhereln SI'i'rcon cont

a
of claim

r cell
ai ni ng

t or t dopant. 106 The tandem sol ar cell of claimb5,
goqlgiﬁ'éWﬁqgﬁg?%:’r?eter of the porous siliconis smaller than 1 pm

when the stress inducing layer is formed on the bottom p-i-n structure of
the tandem solar cell, tensile strain is made in the bottom p-i-n structure under
the action of the stress inducing layer, so that the energy band gap of the I-type
layer of the bottom p-i-n structure is reduced by 0.05 eV-0.15 eV, the absorbing
wavelength range is widened, the carrier mobility of the tandem solar cell is
increased, the resistance is reduced, and thus the photoelectric conversion
efficiency of the solar cell is improved.

On the basis of the above tandem solar cell, since the buffer layer is
formed between the bottom p-i-n structure and the top "p-i-n structure, stress
introduced in the bottom p-i-n structure during the forming process of the solar
cell does not affect the top p-i-n structure, which avoids change of the band gap
of the top p-i-n structure. According to the above tandem solar cell, the top p-i-n
structure can be improved, for instance, multiple p-i-n structures are formed in
the top p-i-n structure and each p-i-n structure has an I-type layer with energy
band gap, or an |-type layer with a variable band gap is formed in the top p-i-n
structure, so that the absorbing wavelength range of the solar cell is increased
and widened.

In the forgoing, with reference to the above description of the
embodiments, those of professional skills in the art can better understand,
reproduce and use the present disclosure. It will be apparent to those of

professional skills in the art that various modifications and variations can be
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7. The tandem solar cell of claim1 or 4, wherein the top p-i-n structure
‘further conprises a second p-i-n structure with an |-type | ayer di sposed on
the 15 first p-i-n structure, wherein the band gap of the |-type anorphous
silicon layer of the first p-i-n structure is larger than the band gap of
the | -type | ayer of the second p-i-n structure. 8. The tandem sol ar

cel | of clgigde’to MEEERIbAdINENLS 8FtHOt RiebaRing! frot thees@dbe BP¥PIrt BIstha P-type
m crocrystalline silicon layer, an |-type mcrocrystalline silicon |ayer

and an N-tg%em' BIsRRIURS BbLdraRgSt! hehirdied deBedibineing! 8kBdinidhs equence
or a P-type anorphous silicon Tayer, ‘an I'-type anorphous silicon [ayer and
an N-type %HH%,HP%W'bla'Lﬁw%@rgt&ycgfhaW?ﬁé‘éé ShBodihnkes ﬁbtﬁﬁt@HSQ&?? limit

cell o : R gap o Th

9.
The tandem solar f clarm wherei n the energy band e |l-type

m crocryst @ﬁgb%ggﬁfdélé&g%hrgﬁng o ?‘{?@8 o??ﬁ;é) E%tsgﬁ{ %ig?léétﬁr’éc%%ﬂ ?rr)glt aﬁfﬂr gdual 'y

reduced al recti o rom subs a ayer.
510. A netgo of fabricating a tandem solar cell, conprising the steps of:
provi di aig &Y d%@??%ﬂd?? M ng a transparent conductive oxide |ayer on the
substrat e; forming a top p-i-n structure on the transparent

conductive oxide |layer, which conprises a first p-i-n structure, wherein
the first p-i-n structure 10 conprises a P-type anorphous silicon |ayer, an
| -type anorphous silicon |layer and an N-type anorphous silicon |ayer which
are stacked in sequence, wherein the P-type anorphous silicon layer is

adj acent to the transparent conductive oxide | ayer;
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formng a bottomp-i-n structure on the top p-i-n structure, the bottom 15
*p-i1-h structure conprising a P-type mcrocrystalline silicon |ayer, an
I-type mcrocrystalllne silicon layer and an N-type mcrocrystalline
silicon | ayer which are stacked in sequence, wherein the P-type

m crocrystalline silicon layer is adjacent to the top p-i-n structure;
formi ng a WHAISES ChAIMER]SE ayer on the bottom p-i-n structure, wherein
20stress inducing | ayer induced tensile stress in the bottomp-i-n
structure during the form ng process of the stress inducing |ayer; and

formng a back netal |ayer on the stress inducing |ayer. 11.
The met hod of cil. A tandém sehercell iedngrisiig:ess i nducing layer is formed 25by
utilizing a chem cal vapor deposition process. 12. The met hod of

claim 10, wher g gudshatestress inducing layer is made of tungsten, silicon
nitride, silicon oxide, silicon oxynitride or tungsten nitride. 513. The

met hod of cla ra&%spwt%bnd&aﬁe%xro%ﬁayme%wenItﬁéfeubém%sea thi ckness of 10

nm 500 nm The nethod of claim 11, wherein, I1n the step of
formng the str {ﬁﬁ% Er?%ugt'rurtguﬂea%‘? e8or B BOhLMPRE l:or‘ihu?ﬁl(/é'%theel ¥r
utilizing the c vapor eposition process, a tenperatur

reaction Cg}lad"fg)o%pﬂ,gﬁné 59{?%'[2;9-9? strBcrPE Swherein the first p-i-n structure comprises

a P-type amorphous silicon layer, an I-type amorphous silicon Iayer and an
N-type amorphous silicon layer which are stacked in sequence, wherein the

10 P-type amorphous silicon layer is adjacent to the transparent conductive oxide
layer;

a bottom p-i-n structure formed on the top p-i-n structure, wherein the
bottom p-i-n structure comprises a P-type microcrystalline silicon layer, an
I-type microcrystalline silicon layer and an N-type microcrystalline silicon layer

15  which are stacked in sequence, wherein the P-type microcrystalline silicon layer
is adjacent to the top p-i-n structure;

a stress inducing layer formed on the bottom p-i-n structure, the stress
inducing layer induces tensile stress in the bottom p-i-n structure; and

a back metal layer formed on the stress inducing layer.

20

2. The tandem solar cell of claim 1, wherein the stress inducing Iayer is

made of tungsten, silicon nitride, silicon oxide, silicon oxynitride or tungsten

nitride.
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15. The method of claim 10, further conprising a step of formng a buffer
_‘layet on the top p-i-n structure after the step of formng the top p-i-n
structure and before the step of formng the bottomp-i-n structure. 15
16. The nethod of claim 15, wherein the buffer layer is nade of porous
silicon containing P-type dopant or N-type dopant. 17. The

nmet hod of cl ai I e fLar r t. ilicon
is smaller tharr?' i‘ﬁ%r'#%]oeén? sBiak ?gl.' %ﬁéﬁ#ﬁ%t ng;ae(rﬁg {h% %{?J%Sig&c\?{ﬁe@g?rn@%ie buf f er
| ayer is fopmed b iz a phot oel ectric chem cal etching process.
19. The nﬁ{tﬂg%nS?yfffLé Hﬂ“ltﬁ%g)rori © wherein the top p-i-n structure further
conprises a second p-i-n structure with a |I-type |ayer stacked on the first
p-i-n structure, and the band gap of the |I-type anorphous silicon |ayer of
the first p-i-n structure is Iarﬂer than the band gap of the I-type |ayer
of the second ptilh¢ tandencsalee cell of clainp(d, famker,eqmpising acpuiféh Byer wher ei n
the second p-i-n structure conprises a P-type mcrocrystalline silicon
| ayer, san formggbetwasndbe yen pdini steichire apdiihe B9tt¢ma;hicn aiuourey pe
m crocrystalline silicon |layer which are stacked in io sequence or a P-type
anor phous silicon layer, an |I-type anorphous silicon |ayer and an N-type
anor phous silicon |ayer which are stacked in sequence.

5. The tandem solar cell of claim 4, wherein the buffer layer is made of

porous silicon containing P-type dopant or N-type dopant.

10 6. The tandem solar cell of claim 5, wherein the aperture diameter of the

porous silicon is smaller than 1 pm.

7. The tandem solar cell of claim 1 or 4, wherein the top p-i-n structure

further comprises a second p-i-n structure with an I-type layer disposed on the

15 first p-i-n structure, wherein the band gap of the I-type amorphous silicon layer
of tﬁe first p-i-n structure is larger than the band gap of the I-type layer of the

second p-i-n structure.

8. The tandem solar cell of claim 7, wherein the second p-i-n structure

20 comprises a P-type microcrystalline silicon layer, an I-type microcrystalline
silicon layer and an N-type microcrystalline silicon layer which are stacked in
sequence or a P-type amorphous silicon layer, an I-type amorphous silicon

layer and an N-type amorphous silicon layer which are stacked in sequence.
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21. The nethod of claim 20, wherein the step of formng the first p-i-n
tstrutture and the second p-i-n structure which are stacked in sequence
" further isconprises the steps of: introducing a first m xed gas
i'ncl udi ng hydrogen-contai ning gas, silicon-containing gas and gas
containing P-type dopant into the reaction chanber, so as to formthe
P-t ype anor pho@®s Taeltandem |salezrcel fof tchaamf 8, vehierpini tha esiergycbamdcegam of tee
transparent conductive oxide |layer; 20introducing a second m xed gas
i ncl udi ng Ihysk egechediia isiigoydsyernst thel sesmdcpihastiidigregidsgradualiyt he
reaction chanber, so as to formthe I-type anorphous silicon |ayer of the
first p- l-r@d@éerd@bng thedtiirddtion frohy P aUBRErafeoid3hé bhtic Aretdiaxasr, of the first
p-i-n structure; introducing a third m xed gas including
hydr ogen- cont ai ni ng gas, 25silicon-containing gas and gas contai ni ng N—type
dopant into the reaction chanber, so as to formthe N-type anorphous
silicon | ayer K s silicon
| ayer (r)!;f t he fﬁfr()SI[A'}ﬁetfth%tsffaﬁbegaﬁrF étMéﬁq @ol?ﬂg%lgggh}ptrr{éﬂg tﬁlgrg{se?}g%fxed gas
i ncl udi ng hydr b@h q.9as, silicon-contai ning gas and gas
containing P-t 39 g o "the reaction 5 chanber, so as to formthe
P-type m crocrystal I| e Si e P- ty hous silicon |ayer
of the second #HTTH gﬁméparre@?Sﬂ"qa%ivwvsﬁ%wn 8&&W¥?con 'ayer of the
first p-i-n struct i ntroducjng a second gas i ncl udi ng
hydr ogen- cont ai W”Hﬁg j’aEOPthér NSHHYeLBR %H\eaﬁfﬁ"%P@rfszcq'WtJSt“t%@X'iﬂ%A%won
chanber, so as to formthe |-type 10 mcrocrystal|line silicon |ayer or the
| -type anﬁN*ﬁ%u%O’EP'l'ﬁeéo@ |f5§,te,p 'd? sthictuec oMeergin -the stinsticR-iP e SEHCHFR: P-t ype
m crocrystalline silicon [ayer or the P-type anorphous silicon |ayer of the
second!0p- icompiises & Brigoe amarehayst sikcasaarergap Idype Raarpheysesitigary loyey st al | i ne
silicon layer or the |-type anorphous silicon |ayer of the second p-i-n
st ruct ur e arsl anbiHype amuaphausesilicondayenwhith @he slackgphin sequepheusherein

the P-type amorphous silicon layer is adjacent to the transparent conductive
oxide layer;
forming a bottom p-i-n structure on the top p-i-n structure, the bottom
15  p-i-n structure comprising a P-type microcrystalline silicon layer, an I-type
microcrystalline silicon layer and an N-type microcrystalline silicon layer which
are stacked in sequence, wherein the P-type microcrystalline silicon layer is
adjacent to the top p-i-n structure;
forming a stress inducing layer on the bottom p-i-n structure, wherein
2_0' stress inducing layer induced tensile stress in the bottom p-i-n structure during
the forming process of the stress inducing layer; and

forming a back metal layer on the stress inducing layer.

11. The method of claim 10, wherein the stress inducing layer is formed

25 by utilizing a chemical vapor deposition process.
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15silicon layer of the first p-i-n structure; and I ntroduci ng a
~f“third mxed gas including hydrogen-containing gas, silicon-containing gas

and gas containing N-type dopant into the reaction chanber, so as to form

the N-type mcrocrystalline silicon layer or the N-type anorphous silicon

| ayer of the second p-i-n structure on the |I-type 20 mcrocrystalline

silicon layer or the |I-type anorphous silicon |ayer of the second p-i-n

structure. 22. The nmethod of claim 20, wherein the band gap of the

| -type m crocryst ahé iniihéd bf 6@l Hey®hein thaesteeds ¢dlidihg esisHadaIbe | S
gradual Iy reduced 25along the direction fromthe substrate to the back

nmetal | ay lingsten, silicon nitride, silicon oxide, silicon oxynitride or tungsten nitride.

5 13. The method of claim 10, wherein the stress inducing layer has a

thickness of 10 nm-500 nm.

14. The method of claim 11, wherein, in the step of forming the stress
inducing layer on the bottom p-i-n structure by utilizing the chemical vapor

10 deposition process, a temperature of reaction chamber is from 200°C to 500°C.
15. The method of claim 10, further comprising a step of forming a buffer
layer on the top p-i-n structure after the step of forming the top p-i-n structure

and before the step of forming the bottom p-i-n structure.

16. The method of claim 15, wherein the buffer layer is made of porous

silicon containing P-type dopant or N-type dopant.

17. The method of claim 16, wherein the aperture diameter of the porous

20  silicon is smaller than 1 ym.

18. The method of claim 15, wherein the buffer layer is formed by

utilizing a photoelectric chemical etching process.
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19. The method of claim 10 or 15, wherein the top p-i-n structure further
comprises a second p-i-n structure with a I-type layer stacked on the first p-i-n
structure, and the band gap of the I-type amorphous silicon layer of the first
p-i-n structure is larger than the band gap of the I-type layer of the second p-i-n

structure.

20. The method of claim 19, wherein the second p-i-n structure
comprises a P-type microcrystalline silicon layer, an |-type microcrystalline
silicon layer and an N-type microcrystalline silicon layer which are stacked in
sequence or a P-type amorphous silicon layer, an I-t.ype amorphous silicon

layer and an N-type amorphous silicon layer which are stacked in sequence.

21. The method of claim 20, wherein the step of forming the first p-i-n
structure and the second p—i-h structure which are stacked in sequence further
comprises the steps of:

introducing a first mixed gas including. hydrogen-containing gas,
silicon-containing gas and gas containing P-type dopant into the reaction
chamber, so as to form the P-type amorphous silicon layer of the first p-i-n
structure on the transparent conductive oxide layer;

introducing ‘a second mixed gas including hydrogen-containing gas and
silicon-containing gas into the reaction chamber, so as to form the I-type
amorphous silicon layer of the first p-i-n structure on the P-type amorphous
silicon layer of the first p-i-n structure;

introducing a third mixed gas including hydrogen-containing gas,

silicon-containing gas and gas containing N-type dopant into the reaction
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chamber, so as to form the N-type amorphous silicon layer of the first p-i-n
structure on the I-type amorphous silicon layer of the first p-i-n structure;

introducing a first mixed gas including hydrogen-containing gas,
silicon-containing gas and gas containing P-type dopant into the reaction
chamber, so as to form the P-type microcrystalline silicon layer or the P-type
amorphous silicon layer of the second p-i-n structure on the N-type amorphous
silicon layer of the first p-i-n structure;

introducing a second mixed gas including hydrogen-containing gas and
silicon-containing gas into the reaction chamber, so as to form the I-type
microcrystalline silicon layer or the I-type amorphoLls silicon layer of the second
p-i-n structure on the P-type ‘microcrystalline silicon layer or the P-type
amorphous silicon layer of the second p-i-n structure, wherein the band gap of
the I-type microcrystalline silicon layer or the I-type amorphous silicon layer of
the second p-i-n structure is smaller than the band gap of the |-type amorphous
silicon layer of the first p-i-n structure; and

introducing a third mixed gas including hydrogen-containing gas,
silicon-containing gas and gas containing N-type dopant into the reaction
chamber, so as to form the N-type microcrystalline silicon layer or the N-type
amorphous silicon layer of the second p-i-n structure on the I-type
microcrystalline silicon layer or the I-type amorphous silicon layer of the second

p-i-n structure.

22. The method of claim 20, wherein the band gap of the I-type
microcrystalline silicon layer of the second p-i-n structure is gradually reduced

along the direction from the substrate to the back metal layer.
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